Background: Patellofemoral pain syndrome (PFPS) is one of the most common disorders of the knee. Conservative approaches, as well as surgery, can decrease pain and the syndrome's progress effectively. Objective: The aim of this study was to determine the effectiveness of neoprene palumbo orthosis (NPO) and Genu direxa stable orthosis (GDSO) on pain and the activities of daily living (ADL). Methods: Thirty patients (males, ages 18 to 40) participated in this randomized blinded clinical trial. All of them were diagnosed with patella femoral pain syndrome. The participants were divided randomly into two groups of 15, with one group using neoprene palumbo (intervention group) and the other group using Genu direxa stable orthoses (control group). Using the Visual Analogue Scale (VAS) and the Knee injury and Osteoarthritis Outcome Score (KOOS), pain intensity and activities of daily living (ADL) and joint stiffness were analyzed before treatment and after three weeks of treatment. Data were analyzed using paired samples t-test and independent samples t-test. Results: Both orthoses reduced the patients' pain. Both group showed meaningful improvement in pain reduction and ADL increase after using orthosis in each group. In comparing the variables, no significant differences were found between pain severity and ADL (p = 0.592, p = 0.887). In both groups, the mean of pain severity was different before, during, and after using orthosis (p < 0.05).
Introduction
Patellofemoral pain syndrome (PFPS) is one of the most common disorders of the knee (1) , and it is a frequent phenomenon among athletes (1) . According to reports, 25% of the recruits who visited the orthopedic clinic at a military hospital in the U.S. had PFPS. Besides slight changes in the patella's femoral articular surface, the patients with PFPS had anterior knee pain with different grades in development of PFPS. Since hyaline cartilage is not innervated and is not supplied by any blood vessels directly, it generally cannot be repaired completely. The progression of cartilage lesions causes erosion to the subchondral bone, where there are many nerves, and the result is knee pain. Common reasons for hyaline erosion are trauma, bearing weight on a bent knee, especially in squatting Page 1326 and twisting positions, patellar subluxation and dislocation, abnormal size of patella, and hitting the knee on the dashboard in a car accident. Anterior knee pain in patients with PFPS typically occurs with activity and often worsens when they are descending steps or hills. It also can be triggered by prolonged sitting with the knee flexed. People tend to notice the pain particularly when going up or down stairs, squatting, kneeling, or running. It may also be aggravated by long periods of sitting with the knees bent (2) . Sleeping with the knee bent is painful at night and decreases with knee's extension. (3) . The misalignment of the patella may occur for various reasons. One of the main causes in adolescents is an imbalance in strength between the medial and lateral muscles. One of the more popular theories in that this syndrome results from an imbalance in strength of the muscles that surround the patella (4) . Although the medial and lateral parts of the quadriceps muscle and the Iliotibial band have important roles in the dynamic stability of the patella, the vastus medialis muscle has the most important role in balance and stability. Weakness, atrophy, and dysplasia shift the pressure zone from the center to the lateral facet of the patella and pain results from cartilage defects (5) . Surgery for PTPS is considered to be the resort, and medical associations propose conservative approaches, such as medication, exercise, physical therapy, and orthotic devices, which can decrease and sometimes stop the progress of PTPS. Orthoses maintain the patella in the intercondylar groove during movement and decrease the severity of loads on the subchondral bone. Managing PTPS is a challenge because of the lack of consensus regarding its cause and treatment, so the treatment approach should be individualized by identifying its mechanisms and causes. Research has shown that orthoses can improve ADL in patients with PTPS (6). Grossland et al. stated the orthotic treatment increased ADL in 145 patents with patella dislocation, as 64% of the patients who wore knee sleeves for four weeks had reduced pain (7) . In another study of 62 patients with patella dislocation and chondromalacia, Palumbo orthosis decreased the syndrome's symptoms in 93% patients, and they could do activities they could not do before (8) . Powers et al. investigated the influence of Donjoy orthosis and found that it reduced the intensity of the pain in the patellofemoral joint (9) . In another study, the effect of orthosis on the strength of the quadriceps muscle was evaluated, and 88% of the patients with orthosis for four weeks had increased knee function and reduced pain (10) . Although research has shown the benefits of orthoses in treating PTPS, there is a lack of evidence for the use of Neoprene palumbo and Genu direxa stable orthosis. The palumbo orthosis is made of neoprene with a patellar cut-out that prevents lateral shift of the patella (11) . The Genu direxa stable orthosis is similar to the Palumbo orthosis, but it has two straps and a C-shaped lateral buttress to keep the patella from deviating too far laterally (11) . These orthoses are recommended for reducing pain and increasing the function of patients with PTPS. The objective of this research was to determine the effects of neoprene palumbo and genu direxa stable orthoses on pain and ADL of patients with patello femoral pain syndrome.
Material and Methods

Research design, setting, and sampling
This research was a randomized blinded clinical trial. We allocated 30 male patients (18-40 years old) with patello femoral pain syndrome randomly into two groups (with 15 patients in each group). All subjects were evaluated and chosen in Shafa yahyaan and Valiasr Hospitals (Arak, Iran). People with BMIs of 20 kg/m 2 or less are underweight, while people with BMIs of 40 or greater are extremely obese. The 30 participants in this study had normal BMIs in the range of 20-25 kg/m 2 . All participants (30 patients) were chosen and allocated into to two groups with 15 patients in each group. The patients in one group used the Neoprene palumbo orthosis for three weeks, and the patients in the other group used the Genu direxa stable orthosis for three weeks. At the start of this trial, a sample size of 30 patients was selected to provide 80% power to detect a reduction in the incidence of a defined set of acute complications from 30% to 15% at p = 0.05. Patients were divided randomly into two groups of 15 patients. Fifteen of the patients used the Neoprene palumbo orthosis for three weeks, and 15 patients used the Genu direxa stable orthosis for three weeks.
Selection criteria
All subjects were evaluated and chosen in Shafa yahyaan and Valiasr Hospitals (Arak, Iran) according to following inclusion criteria: 1) the duration of complaints was 2-6 months, 2) existing pain in patella or anterior of knee, 3) obtaining the written informed consent, 4) Body Mass Index (BMI) between 20 kg/m 2 and 25 kg/m 2 , 5) age between 18 and 40 years, and 6) having a minimal value of 4 on the Visual Analogue Scale (VAS). Also, the exclusion criteria were: 1) having no limitation in the movement of the lower limb, and 2) Not taking pain killers.
Data collection method
The participants gave written informed consent after we had obtained baseline measures, including VAS and BMI. The visual analog scale (VAS) is a tool that is used extensively to measure pain. Patients were asked to indicate their perceived pain intensity (most commonly) along a 100-mm horizontal line. Number 0 means no pain and number 100 means maximum pain in the knee. BMI was calculated by dividing the patient's weight in kilograms by the patient's height in meters squared (BMI = X kg/m 2 ). Before wearing the orthosis, the patients completed a Knee injury and Osteoarthritis Outcome Score (KOOS) questionnaire modified for osteoarthritis patients and knee injuries to evaluate the patients' ADL (12) . Because of differences in ADL during a day, we conducted the measurements between 8:00 and 9:00 A.M.
Using the effect of the orthosis on ADL and the level of pain
Patients were asked to consider different amount of pain before getting the orthosis (VAS1), and they were asked to repeat their VAS rating after wearing the orthosis and descending 10 steps from a short form (VAS2) and after wearing the orthosis for three weeks (VAS3). The patients were instructed how to put the orthosis on and how to take it off, and they were told to only take it off when they went to bed. They also were asked not to take any kind of pain killers and not to go to physical therapy. There were some multi-option questions in the questionnaire about joint rigidity, pain intensity, ADL, sports activity, and life quality. Each question had a score between 0-40 and each variable could have a score of between 0-100. The following equation shows how the total score was calculated for each variable: "Total score = (score × 100)/( 100 -4) × number of questions". A score of 0 means no pain, and a score of 10 means extreme pain. For instance, a patient who indicated a score of 55 for pain before the orthotic treatment and a score of 45 after orthotic treatment indicated that the orthotic intervention reduced the patient's pain.
Statistical methods
Statistical analysis was done using SPSS software (version 13.0). The normal distribution was analyzed with the Kolmogorov-Smirnov test. We also compared pain reduction in three stages (VAS1, VAS2, and VAS3) with the repeated measure and paired t-test. The correlation between BMI and the intensity of pain were determined using the Pearson correlation coefficient. 
Research ethics
Results
VAS and Koos questionnaires
We studied 30 males aged 18-40 with patellofemoral pain syndrome and normal weight-based BMI. The patients indicated the intensity of their pain using the VAS and assessed their quality of life in their daily living activities using a modified Koos questionnaire. Significantly, patients indicated that they had reduced pain after wearing the orthosis for three weeks as the mean (95% confidence interval) for VAS reduced from 49.05 (10.93) to 31.26 (4.38) and from 53.51 (3.70) to 31.47 (3.42) by using Neoprene Palumbo and Genu direxa orthoses, respectively.
Effect of using the orthosis on ADL level
There was a significant difference in ADL levels before and after using the orthosis in the two groups, since the mean was reduced from 35.48 (4.79) to 3.03 (25.58) and from 41.58 (3.96) to 25.09 (1.71) for patients with Neoprene palumbo and Genu direxa stable orthoses, respectively. These results showed an increase in the level of ADL for all patients. There was a significant difference between the mean for joint tightness in all patients after wearing the orthosis for three weeks (p < 0.05), since it was 47.11 (9.09) and 51.38 (7.36) before wearing the orthosis, and it was reduced to 33.52 (5.36) and 31.63 (7.61) for the palumbo and Genu direxa stable orthoses, respectively.
Effect of using the orthosis on the pain level
In comparing the baseline VAS, there were significant differences before, during, and after orthotic treatment in all patients (p < 0.05) ( Table 1 and Figure 1) . No statistical correlation between BMI and mean VAS before and after treatment was found in this study (p = 0.048). Figure 1 . Mean pain intensity before, during, and after three weeks of orthotic treatment
Discussion
VAS and Koos questionnaires
One of the most common sites of injury in physically-active adolescents and young adults is the knee; the patellofemoral pain syndrome is the most frequent complaint (11) . Managing patellofemoral pain syndrome is a challenge, in part because of lack of consensus regarding its cause and treatment. This syndrome prevents patients from continuing their normal activities, because the pain has mental and psychological effects on the patient's life. For instance, a runner or mountain climber cannot continue her or his activities (12).
Effect of using the orthosis on ADL level
In this syndrome, using an orthotic is one of the conservative, non-surgical methods that specialists recommend in the acute stage. In this research, we compared the effects of Neoprene Palumbo orthosis and Genu Direxa Stable orthosis on the intensity of pain and the ADL of patients with patellofemoral pain syndrome. The findings indicated that both orthoses reduced pain in the knee cap significantly. The pain may have been reduced by preventing lateral shifts in the patella and preventing deviation in the intertrochanteric groove (13, 14) . Orthosis also may compensate for vastus medialis and iliotibial band inefficiency and may reduce pain by maintaining the patella's dynamic stability. According to the statistical analysis, these orthoses increased the level of activity of daily living, including ascending stairs and sitting.
Effect of using orthosis on the pain level
In this study, we did not find any meaningful or statistical difference between patients who used Palumbo or Genu direxa stable orthoses with respect to their increased ADL or decreased pain. This research and other studies have presented the effects of orthotic treatment on PTPS, and it was concluded that orthosis can reduce pain by reducing the load applied to the subchondral bone (13) . The orthosis also allowed increased levels of activity, including doing exercises, sitting, and ascending and descending stairs. The orthosis may affect the rigidity of the joint by increasing the level of activities and joint movements, thereby significantly increasing the range of motion and rigidity of the tibiofibular and patellofemoral joints (14) . As a result, patients feel less rigidity and tightness in the knee joint after using orthoses because of the improvement in the components of the joint, such as cartilage.
Conclusions
This study indicated that Neoprene palumbo and Genu direxa stable orthoses improved the signs of patello femoral pain syndrome including the intensity of the pain and the activities of daily life. More studies are required to determine the most effective orthosis and its influence on the causes of patellofemoral pain syndrome.
